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General Experimental Methods. 
Solvents for extraction and chromatography were technical grade. All solvents used in 
reactions were freshly distilled from appropriate drying agents before use1. All other 
reagents were recrystallized or distilled as necessary. Analytical TLC was performed with 
silica gel 60 F254 plates and visualization was accomplished by UV light (254 nm). Flash 
chromatography was carried out using silica gel 60 (230-400 mesh ASTM). NMR 
spectrometers were operating at 399.93 and 499.86 MHz for the 1H nucleus or at 100.57 
and 125.70 MHz for the 13C nucleus. Chemical shifts are reported in δ-units (ppm) 
relative to the residual deuterated solvent signal of CDCl3 (1H NMR: δ 7.26 ppm; 13C 
NMR: δ 77.0 ppm), C6D6 (1H NMR: δ 7.16 ppm) and toluene-d8 (1H NMR: δ 2.09 ppm). 
For 1H NMR the splitting patterns are designated as follows: s (singlet), d (doublet), t 
(triplet), q (quartet), m (multiplet). Melting points are uncorrected. CD and UV 
measurements were performed using Uvasol-grade solvents. Low temperature 
measurements were performed using OPTISTATE DN Oxford Instruments set up. 
Preparative HPLC was performed on a system consisting of a 213XL sampling injector, a 
306 (10SC) pump, an 811C dynamic mixer, a 805 manometric module, with a 119 
UV/Vis detector, and 202 fraction collector, using a Chiralcel AD column. Eluation speed 
was 1 mL/min. Irradiation experiments were performed with a Spectroline E-series 
Ultraviolet hand lamp. Photostationary states were ensured by monitoring composition 
changes in time by taking UV/Vis spectra at distinct intervals until no changes were 
observed. Computational procedure included the use of the Gaussian03 and GaussView32 
suite of programs, choice of unrestricted B3LYP method,3,4 6-31G(d) basis set, geometry 
optimization using analytical gradients, visual inspection of the single imaginary 
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frequency. The chemicals were purchased from commercial sources. Compounds were 
named according to the IUPAC rules. 2-Methyl-2,3-dihydro-1H-benzo[f]thiochromen-1-
one hydrazone (3)5, 2-methyl-2,3-dihydro-1H-cyclopenta[a]naphthalen-1-one hydrazone 
(8)6, tris(4-methoxyphenyl)phosphine7, 2-methoxyacridin-9(10H)-one (6b)8 were 
synthesized following literature procedures. 
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Tert-butyl 9-oxoacridine-10(9H)-carboxylate 15a. N,N-dimethylpyridin-4-amine 
(1.83 g, 15 mmol) was added to a mixture of acridin-9(10H)-one 6a (1.95 g, 10 mmol) 
and di-tert-butyl dicarbonate (3.27 g, 15 mmol) in acetonitrile (30 mL). The orange 
solution was stirred at ambient temperature for 8 h and kept in addition for 3 h at 60 ºC to 
allow the reaction to complete. After removal of the solvent under reduced pressure the 
residue was dissolved in ether (100 mL), and the solution washed with 0.1 M aq. HCl 
(100 mL), brine (100 mL) and dried (Na2SO4). Removal of the solvent followed by 
chromatography (SiO2, n-pentane: ether = 2: 1) afforded 15a as a white powder (3.11 g, 
10.5 mmol, 70%). mp: 112.5-113.8 ºC. 1H-NMR (400 MHz, CDCl3) δ = 1.69 (s, 9H), 
7.33-7.37 (ddd, J = 1.10, 6.97, 8.06 Hz, 2H), 7.57-7.59 (dd, J = 1.10, 9.17 Hz, 2H), 7.65-
7.69 (ddd, J = 1.46, 6.97, 9.17 Hz, 2H), 8.43-8.45 (dd, J = 1.46, 8.07 Hz, 2H); 13C-NMR 
(100 MHz, CDCl3) δ = 27.6 (CH3), 86.2 (C-O), 117.4 (CH), 122.7 (C), 123.1 (CH), 127.1 
(CH), 133.2 (CH), 139.3 (C), 151.7 (C=O), 178.4 (C=O); m/z (EI, %) = 295 (M+, 9.8), 
239 (M+-tBu+H, 9.6), 195 (M+-Boc+H, 64.6), 57 (tBu+, 100). HRMS (EI): calcd. for 






Tert-butyl 9-thioxoacridine-10(9H)-carboxylate 5a. A mixture of tert-butyl 9-
oxoacridine-10(9H)-carboxylate 15a (1.98 g, 6.7 mmol) and Lawesson’s reagent (3.25 g, 
8 mmol) in THF (50 mL) was stirred at ambient temperature for 8 h and subsequently 
heated at reflux for 4 h to form a dark green solution. After removal of the solvent under 
reduced pressure and purification of the residue by flash chromatography (SiO2, n-
pentane: ether = 6: 1) the product  5a was obtained as a dark green crystals (1.73 g, 5.6 
mmol, 83%). mp: 135-138 ºC (sealed capillary). 1H-NMR (400 MHz, CDCl3) δ = 1.69 (s, 
9H), 7.34-7.38 (t, J =8.43 Hz, 2H), 7.54-7.56 (d, J =8.43 Hz, 2H), 7.69-7.72 (t, J = 8.43 
Hz, 2H), 8.91-8.93 (d, J =8.43 Hz, 2H); 13C-NMR (100 MHz, CDCl3) δ = 27.7 (CH3), 
86.9 (C-O), 117.6 (CH), 124.2 (CH), 130.5 (CH), 131.5 (C), 133.3 (CH), 133.9 (C), 151.4 
(C=O), 205.6 (C=S); m/z (EI, %) = 311 (M+, 24.6), 211 (M+-Boc+H, 99.9), 57 (tBu+, 






Tert-butyl 2-methoxy-9-oxoacridine-10(9H)-carboxylate 15b. This compound was 
prepared in analogous way as described for 15a starting from 2-methoxyacridin-9(10H)-
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one 6b (3.38 g, 15 mmol), di-tert-butyl dicarbonate (3.27 g, 15 mmol) and N,N-
dimethylpyridin-4-amine (1.83 g, 15 mmol). 15b was obtained as white crystals (3.32 g, 
10.2 mmol, 68%). mp: 125-127 ºC (sealed capillary). 1H-NMR (400 MHz, CDCl3) δ = 
1.67 (s, 9H), 3.93 (s, 3H), 7.26-7.29 (dd, J =2.93, 9.28 Hz, 1H), 7.33-7.36 (ddd, J =1.46, 
6.83, 8.06 Hz, 1H), 7.59-7.61 (d, J =9.28 Hz, 1H), 7.63-7.67 (ddd, J =1.47, 6.83, 8.79 
Hz, 1H), 7.68-7.80 (dd, J =1.46, 8.79 Hz, 1H), 7.81-7.82 (d, J =2.93 Hz, 1H), 8.41-8.43 
(dd, J =1.46, 8.06 Hz, 1H). 13C-NMR (100 MHz, CDCl3) δ = 27.8 (CH3), 55.8 (OCH3), 
85.9 (C-O), 106.5 (CH), 118.4 (CH), 120.3 (CH), 122.8 (C), 123.2 (CH), 123.2 (CH), 
124.2 (C), 127.1 (CH), 134.2 (C), 139.5 (C), 152.0 (C), 155.8 (C=O), 178.5 (C=O). m/z 
(EI, %) = 325 (M+, 21.0), 269 (M+-tBu+H, 38.5), 225 (M+-Boc+H, 100.0), 57 (tBu+, 






Tert-butyl 2-methoxy-9-thioxoacridine-10(9H)-carboxylate 5b. This compound was 
prepared in analogous way as described for 6a starting from tert-butyl 2-methoxy-9-
oxoacridine-10(9H)-carboxylate 15b (3.23 g, 9.93 mmol) and Lawesson’s reagent (4.82 
g, 11.91 mmol). Orange powder (2.71g, 7.95 mmol, 80%). mp: 163-165 ºC (sealed 
capillary).  1H-NMR (300 MHz, CDCl3) δ = 1.69 (s, 9H), 3.97 (s, 3H), 7.35 (dd, J =2.93, 
9.28 Hz, 1H), 7.35-7.37 (ddd, J =0.98, 6.83, 8.76 Hz, 1H), 7.51-7.52 (d, J =9.28 Hz, 1H), 
7.57-7.59 (dd, J =0.98, 8.76 Hz, 1H), 7.67-7.71 (ddd, J =1.46, 6.83, 8.30 Hz, 1H), 8.37 
(d, J =2.93 Hz, 1H), 8.93-8.95 (dd, J =1.46, 8.30 Hz, 1H). 13C-NMR (100 MHz, CDCl3) 
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δ = 27.7 (CH3), 55.8 (OCH3), 86.9 (C-O), 109.7 (CH), 117.7 (CH), 119.4 (CH), 124.1 
(CH), 124.3 (CH), 128.6 (C), 130.7 (CH), 131.1 (C), 132.4 (C), 133.1 (CH), 133.6 (C), 
151.5 (C), 156.6 (C=O), 203.6 (C=O). m/z (EI, %) = 341 (M+, 15.3), 285 (M+-tBu+H, 
13.8), 241 (M+-Boc+H, 100.0), 57 (tBu+, 52.2). 
 8 
1H and 13C NMR spectra. 
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1H-1H COSY spectrum of 2 in CDCl3 
 25 
Photochemical Behavior of 1, cis-3, and trans-3. 
General Procedure of Irradiation Experiments. Irradiation experiments were carried 
out with a Spectroline ® E-series Ultraviolet hand lamp using 365 nm wavelength mode. 
The samples were irradiated in a standard NMR tube or 1 cm cuvette and the distance to 
the light source was approximately 1 cm. 
Tert-butyl 9-(2-methylequatorial-2,3-dihydro-1H-benzo[f]thiochromen-1-ylidene) 
acridine-10(9H)-carboxylate (1a). 1 (2.71 mg, 5.57×10-6 mol) was dissolved in 0.5 mL 
of toluene-d8. After irradiation for 4 h at 25 ºC a photostationary mixture was obtained 
with ratio of 14:86 of starting material 1: product 1a. 
Starting 1 : 1H-NMR (500 MHz, C7D8, 25 ºC) δ = 0.49-0.51 (d, J = 6.84 Hz, 3H), 1.52 
(s, 9H), 2.64-2.67 (dd, J=2.44, 11.23 Hz, 1H), 3.32-3.36 (dd, J = 6.35, 11.23 Hz, 1H), 
3.95-4.00 (ddq, J = 2.44, 6.35, 6.84 Hz, 1H), 6.12-6.15 (d, J = 7.82 Hz, 1H), 6.53-6.54 (t, 
J = 7.81, Hz 1H), 6.58-6.61 (t, J = 6.83, 1H), 6.96-7.17 (m, 4H), 7.27-7.36 (m, 4H), 7.57-
7.59 (d, J =7.32 Hz, 1H), 7.65-7.67 (d, J = 8.79 Hz, 1H), 7.97-7.98 (d, J = 8.30 Hz, 1H). 
Product 1a (chemical shifts deduced by subtraction of absorptions corresponding to the 
starting compound 1 from photostationary state mixture): 1H-NMR (500 MHz, C7D8, 25 
ºC) δ = 0.96-0.97 (d, J = 6.84 Hz, 3H), 1.54 (s, 9H), 2.25-2.32 (ddq, J = 6.83, 6.84, 12.21 
Hz, 1H), 2.98-2.97 (dd, J = 9.76, 12.21 Hz, 1H + dd, J = 9.76, 6.84 Hz, 1H), 6.09-6.12 (t, 
J = 7.32Hz, 1H), 6.44-6.46 (d, J = 7.82 Hz, 1H), 6.54-6.58 (t, J = 7.32 Hz, 1H), 6.87-
6.90 (t, J = 7.81 Hz, 1H), 7.00-7.03 (m, 1H), 7.06-7.10 (m, 1H), 7.23-7.28 (m, 3H), 7.38-
7.45 (m, 2H), 7.51-7.56 (m, 2H), 7.88-7.86 (d, J = 7.81 Hz, 1H). 
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(2’R)-(M)-1: UV/Vis (n-hexane, 25 ºC, λ (ε×104), nm): 222 (4.33), 260 (2.93), 325 
(0.94), 361 sh (0.36); CD(n-hexane, 25 ºC, λ (∆ε), nm): 222 (-91.8), 253 (-26.03), 275 
(+73.2). 350 (-13.0). 
PSS of (2’R)-(M)-1 and (2’R)-(P)-1a after irradiation with 365 nm light : UV/Vis (n-
hexane, 25 ºC, λ (ε×104), nm): 220 (4.56), 261 (3.01), 318 sh (0.84), 361 sh (0.14);      
CD (n-hexane, 25 ºC, λ (∆ε), nm): 218 (+53.5), 252 (-3.7), 270 (-45.6), 346 (+5.7). 
PSS of (2’R)-(M)-1 and (2’R)-(P)-1a after irradiation with 312 nm light : UV/Vis (n-
hexane, 25 ºC, λ (ε×104), nm): 220 (4.51), 261 (3.00), 318 sh (0.87), 361 sh (0.22);      
CD (n-hexane, 25 ºC, λ (∆ε), nm): 218 (+24.5), 252 (-8.2), 270 (-19.5), 346 (+1.9) 
(9E) -tert-butyl 2-methoxy-9-(2-methylequatorial-2,3-dihydro-1H-
benzo[f]thiochromen-1-ylidene) acridine-10(9H)-carboxylate (trans-3a): cis-3 (2.05 
mg, 3.9×10-6 mol) was dissolved in 0.5 mL of toluene-d8. The composition of the reaction 
mixture was determined during irradiation at definite intervals at 0 ºC. The maximum 
composition of trans-3a was observed after 30 min of irradiation.  
Cis-3 : 1H-NMR (500 MHz, C7D8, 0 ºC) δ = 0.51-0.52 (d, J = 6.84 Hz, 3H), 1.53 (s, 
9H), 2.63-2.66 (dd, J = 2.44, 11.23 Hz, 1H), 3.32-3.36 (dd, J = 6.83, 11.23 Hz, 1H), 2.73 
(s, 3H), 3.96-4.04 (ddq, J = 2.44, 6.83, 6.84 Hz, 1H), 6.01-6.02 (d, J = 2.93 Hz, 1H), 
6.37-6.38 (dd, J = 2.93,8.78 Hz, 1H), 6.95-6.98 (m, 1H), 7.04-7.08 (m, 1H), 7.16-7.19 (t, 
J = 8.30 Hz, 1H), 7.29-7.37 (m, 4H), 7.46-7.48 (d, J = 8.79 Hz, 1H), 7.67-7.68 (d, J = 
8.79 Hz, 1H), 7.99-8.01 (d, J = 7.82 Hz, 1H). 
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Trans-3a (chemical shifts deduced by subtraction of absorptions corresponding to the 
starting cis-3 from mixture with trans-3a): 1H-NMR (500 MHz, C7D8, 0 ºC) δ = 1.07-
1.09 (d, J = 6.84 Hz, 3H), 1.57 (s, 9H), 2.25-2.32 (ddq, J = 6.84, 7.32, 12.21 Hz, 1H), 
2.63-2.69 (dd, J = 9.76, 7.32 Hz, 1H + dd, J = 9.76, 12.21 Hz, 1H), 3.28 (s, 3H), 6.09-
6.12 (t, J = 7.32 Hz, 1H), 6.46-6.48 (d, J = 8.79 Hz, 1H), 6.56-6.59 (t, J = 8.30 Hz, 1H), 
6.62-6.64 (dd, J = 2.93, 8.79 Hz, 1H), 7.00-7.02 (m, 2H), 7.24-7.27 (m, 1H), 7.38-7.43 
(m, 3H), 7.54-7.57 (m, 2H), 7.77-7.76 (d, J = 8.79 Hz, 1H). 
(9Z) -tert-butyl 2-methoxy-9-(2-methylequatorial-2,3-dihydro-1H-
benzo[f]thiochromen-1-ylidene) acridine-10(9H)-carboxylate (cis-3a): trans-3 (1.98 
mg, 3.8×10-6 mol) was dissolved in 0.5 mL of toluene-d8. The composition of the reaction 
mixture was determined during irradiation at regular intervals at 0 ºC. The maximum 
composition of cis-3a was observed after 30 min of irradiation.  
Trans-3: 1H-NMR (500 MHz, C7D8, 0 ºC) δ = 0.51-0.52 (d, J = 6.84 Hz, 3H), 1.55 (s, 
9H), 2.61-2.63 (dd, J = 2.44, 11.23 Hz, 1H), 3.34-3.37 (m, 4H), 4.04-4.12 (ddq, J = 2.44, 
6.84, 6.84 Hz, 1H), 6.13-6.16 (t, J = 7.33 Hz, 1H), 6.53-6.55 (d, J = 7.81 Hz, 1H), 6.60-
6.63 (t, J = 7.82 Hz, 1H), 6.68-6.71 (dd, J = 2.93, 9.28 Hz, 1H), 6.97-7.02 (m, 3H), 7.28-
7.37 (m, 3H), 7.59-7.60 (d, J = 8.30 Hz, 1H), 7.65-7.67 (d, J = 8.30 Hz, 1H), 7.87-7.88 
(d, J = 8.79 Hz, 1H). 
Cis-3a (chemical shifts deduced by subtraction of absorptions corresponding to the 
starting trans-3 from mixture with cis-4a): 1H-NMR (500 MHz, C7D8, 0 ºC) δ = 0.96-
0.98 (d, J = 6.84 Hz, 3H), 1.55 (s, 9H), 2.27-2.34 (ddq, J =6.84, 7.32, 12.21 Hz, 1H), 
2.69 (s, 3H), 2.88-2.97 (dd, J = 9.76, 12.21 Hz, 1H + dd, J =9.76, 7.32 Hz, 1H), 5.94 (d, 
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J = 2.93 Hz, 1H), 6.33-6.36 (dd, J = 2.93, 8.79 Hz, 1H), 6.90-6.93 (t, J = 7.32 Hz, 1H), 
7.09-7.11 (m, 2H), 7.24-7.27 (t, J = 7.33 Hz, 1H), 7.30-7.42 (m, 4H), 7.56-7.58 (m, 2H), 
7.89-7.91 (d, J = 8.30 Hz, 1H). 
The irradiation process of both cis-3 and trans-3 was monitored by means of 1H-NMR 
(500 MHz, C7D8, 0 ºC). The composition of the reaction mixture was determined during 
irradiation at regular intervals at 0 ºC by integration of corresponding peaks and presented 
in Tables 1 and 2. 
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Table 1. Isomer formation during the progress of irradiation of a solution of cis-3 in toluene-d8 determined by 1H-NMR. 
 Integration of OMe Integration of Me Composition (%) 





3.30-3.26 2.75-2.71 2.71-2.67 1.12-1.05 1.01-0.95 0.56-0.47     
time, 
min           
0       0.00 0.00 0.00 100.00 
5 35.504 92.553  35.579 3.579 100 25.57 2.57 1.83 70.03 
10 71.345 92.898 6.593 73.84 6.499 100 40.95 3.60 1.21 54.24 
15 106.076 91.319 9.831 111.48 12.238 100 49.83 5.47 1.72 42.98 
20 131.908 89.211 13.005 140.983 18.246 100 54.39 7.04 2.34 36.24 
25 150.783 88.752 16.56 160.121 20.411 100 57.08 7.28 2.33 33.31 
30 157.187 84.869 19.797 170.579 27.087 100 57.31 9.10 3.57 30.02 
35 158.178 80.842 24.007 175.859 34.498 100 56.66 11.12 4.79 27.43 
40 163.213 80.755 27.665 179.686 39.198 100 56.35 12.29 4.69 26.67 
50 165.949 78.303 35.919 182.66 48.371 100 55.18 14.61 5.30 24.91 
65 157.776 74.617 44.989 175.246 58.771 100 52.47 17.60 6.42 23.52 
85 138.752 68.059 49.746 172.757 72.575 96 50.63 21.27 7.09 21.00 
115 150.899 70.196 64.473 163.531 79.925 100 47.61 23.27 7.59 21.52 
143 140.103 67.102 66.198 155.109 85.596 95 46.20 25.50 7.25 21.05 
173 143.931 68.947 74.237 155.192 90.39 100 44.91 26.16 7.93 21.01 
203 142.031 68.457 78.429 154.977 95.158 100 44.26 27.18 7.97 20.59 
360 115.873 55.361 87.759 149.969 116.112 100 41.49 29.47 10.13 18.91 
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Table 2. Isomer formation during the progress of irradiation of a solution of trans-3 in toluene-d8 determined by 1H-NMR. 
 Integration of OMe Integration of Me Composition (%) 





3.30-3.26 2.75-2.71 2.71-2.67 1.12-1.05 1.01-0.9525 0.56-0.47     
time, 
min.           
0       0.00 0.00 100.00 0.00 
5 4.556 2.734 46.314 5.135 51.195 100 3.28 32.75 62.13 1.84 
10 8.112 6.888 95.584 10.822 104.227 100 5.03 48.47 43.13 3.37 
15 15.087 14.411 151.943 20.282 165.109 100 7.11 57.85 29.72 5.32 
20 23.709 20.229 198.622 29.779 216.002 100 8.61 62.47 22.76 6.16 
25 32.723 24.722 217.448 42.319 236.093 100 11.18 62.39 19.55 6.88 
30 41.721 31.639 224.128 54.007 246.905 100 13.47 61.59 16.63 8.31 
35 50.384 35.64 221.724 63.669 243.528 100 15.64 59.81 15.34 9.22 
40 55.498 39.978 209.224 71.491 234.158 100 17.62 57.72 14.27 10.38 
50 67.413 43.013 199.351 85.782 225.908 100 20.84 54.87 13.29 11.00 
65 79.102 47.253 171.43 97.461 196.04 100 24.77 49.82 12.77 12.64 
85 62.617 50.137 151.524 108.995 172.639 100 28.56 45.24 12.37 13.83 
115 111.281 56.763 133.426 128.714 152.681 100 33.43 39.65 11.40 15.52 
143 122.961 64.392 119.841 140.772 140.638 100 35.98 35.94 10.75 17.33 
173 124.001 62.332 106.705 141.126 125.728 100 37.87 33.74 10.78 17.61 
203 110.064 60.107 86.574 135.036 109.802 100 39.16 31.84 10.64 18.35 
261 140.076 66.385 100.249 149.4018 112.4176 100 40.45 30.43 10.19 18.92 
361 123.354 62.081 81.935 143.2 101.809 100 41.51 29.51 10.04 18.93 
 31 
Thermal Behavior of 1a, cis-3a, and trans-3a. 
First order kinetic plot for the experimental data of thermal conversion of less-stable 1a, cis-3a, trans-3a into stable 1, trans-3, cis-3, 
respectively, at different temperatures. 


















































































































1a ln (kh/kbT) = -2.699 – 12789.281/(T×103), R = -0.9989 
cis-3a : ln (kh/kbT) = -10.5817 – 10139.724/(T×103), R = -0.9987 
trans-3a : ln (kh/kbT) = -8.6329 – 10616.820/(T×103), R = -0.9994 
 32 
Thermal conversion of 1a into 1. 
T, ˚C T, K k, min-1 τ1/2, h ∆≠G, kJ mol-1 
90 363.15 (3.87±0.05)×10-2 0.30±0.03 111.7±0.3 
80 353.15 (1.66±0.09)×10-2 0.83±0.01 111.6±0.4 
70 343.15 (5.05±0.05)×10-3 2.3±0.03 111.2±0.3 
60 333.15 (1.58±0.02)×10-3 7.3±0.05 111.1±0.3 
∆‡G° = 110.1±0.1 kJ·mol-1 (∆‡H° = 103.4±0.3 kJ·mol-1, ∆‡S° = -23.3±0.9 J·mol-1·K-1, Ea = 106.3±0.1 
kJ·mol-1, A = (1.2±0.1)·1012 s-1, t1/2 (20ºC) = 1283±163 h, k (20ºC) = (1.5±0.2)·10-7 s-1). 
Thermal conversion of cis-3a into trans-3. 
T, ˚C T, K k, min-1 τ1/2, h ∆≠G, kJ mol-1 
90 363.15 (1.98±0.03)×10
-2
 0.58±0.01 116.6±0.1 
80 353.15 (9.14±0.02)×10
-3
 1.26±0.02 115.6±0.1 
70 343.15 (3.51±0.03)×10
-3
 3.29±0.03 115.1±0.2 
60 333.15 (1.61±0.03)×10
-3
 7.18±0.02 113.9±0.1 
∆‡G° = 107.5±0.2 kJ·mol-1 (∆‡H° = 81.9±0.6 kJ·mol-1, ∆‡S° = -87.9±0.9 J·mol-1·K-1, Ea = 84.8±0.1 
kJ·mol-1, A = (5.0±0.1)·108 s-1, t1/2 (20 ºC) = 454±62 h, k (20 ºC) = (4.24±0.6)·10-7 s-1). 
Thermal conversion of trans-3a into cis-3. 
T, ˚C T, K k, min-1 τ1/2, h ∆≠G, kJ mol-1 
90 363.15 (3.81±0.04)×10
-2
 0.30±0.02 111.8±0.1 
80 353.15 (1.57±0.06)×10
-2
 0.73±0.01 111.2±0.1 
70 343.15 (7.06±0.06)×10
-3
 1.64±0.03 110.3±0.1 
60 333.15 (2.65±0.02)×10
-3
 4.46±0.02 109.7±0.1 
∆‡G° = 106.7±0.2 kJ·mol-1 (∆‡Hº = 86.0±0.3 kJ·mol-1, ∆‡Sº = -71.4±0.9 J·mol-1·K-1, Ea = 97.8±0.2 
kJ·mol-1, A = (2.0±0.1)·1015 s-1, t1/2 (20 ºC) = 323±34 h, k (20 ºC) = (6.90±0.1)·10-7 s-1). 
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Photostationary mixture of 1 and 1a (after irradiation with 365 nm): 
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Photostationary mixture obtained after irradiation of cis-3 (the same ratio of trans-3a, cis-3a, cis-3 and 
trans-3 was obtained after irradiation of the trans-3 solution) 













































































Mixture of cis-3 and trans-3 obtained after heating mentioned above photostationary mixture. 
9 8 7 6 5 4 3 2 1 0
Chemical Shift (ppm)






































































































Photochemical Behavior of 2, cis-10, and trans-10. 
General Procedure of Irradiation Experiments. Irradiation experiments were carried out with a 
Spectroline ® E-series Ultraviolet hand lamp using 365 nm wavelength modes. The concentrations of the 
solutions were selected to the conditions that in UV/Vis spectra the absorptions of the main peaks were 
in the range of 0.2-0.8 a. e. The samples were irradiated in 1 cm cuvette inside an OPTISTATE DN at a 
definite temperature range. 
Photochemical isomerisation of 2 into 2a. 
2 : UV/Vis (i-pentane, 115 K, λ (ε×104), nm): 232 (6.10), 277 (1.67), 358 (2.85). 
Photostationary mixture of 2 and 2a after irradiation with 365 nm light : UV/Vis (n-hexane, 115 K, λ 
(ε×104), nm): 232 (5.10), 256 sh (3.19), 273 sh (2.32), 418 sh (1.25). 

























  starting 2
 1 min after irradiation
 1.5 min after irradiation
 2 min after irradiation
 pss of 2 and 2a
 
Changes in UV/Vis upon 
irradiation of 2 (i-pentane, 
-143 ºC). 
Photochemical isomerization of cis-10 into trans-10a. 
(2’S)-(M)-cis-10 : UV/Vis (i-pentane, 115 K, λ (ε×104), nm): 255 (2.29), 321 (0.90), 367 (1.94).  
CD (i-pentane, 115 K, λ (∆ε), nm): 227 (-103.4), 255 (+39.2), 282 (+27.3). 313 (+10.6), 363 (-2.8) 
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Photostationary mixture (PSS1) of (2’S)-(M)-cis-10 and (2’S)-(P)-trans-10a after irradiation with 365 
nm light: CD (i-pentane, 115 K, 25ºC, λ (∆ε), nm): 237 (+30.0), 262 (-8.1), 285 (+9.7). 324 (-3.5), 420 
(+3.4) 
Mixture of (2’S)-(M)-cis-10 and (2’S)-(M)-trans-10 after heating of PSS1: CD (i-pentane, 115 K, λ 
(∆ε), nm): 227 (-95.4), 259 (+28.2), 278 (+19.1). 313 (+6.1), 363 (-4.7) 
Photochemical isomerisation of trans-10 into cis-10a. 
(2’S)-(M)-trans-10 : UV/Vis (i-pentane, 115 K, λ (ε×104), nm): 255 (2.72), 321 (0.95), 367 (2.03); 
CD(i-pentane, 115 K, λ (∆ε), nm): 226 (-91.0), 258 (+58.5), 277 (+40.4), 363 (-6.5) 
Photostationary mixture (PSS2) of (2’S)-(M)- trans -10 and (2’S)-(P)- cis -10a after irradiation with 
365 nm light: CD (i-pentane, 115 K, 25ºC, λ (∆ε), nm): 244 (+33.1), 262 (-21.2), 286 (+6.8), 420 (+3.6) 
Mixture of (2’S)-(M)- trans -10 and (2’S)-(M)- cis -10 after heating of PSS2 : CD (i-pentane, 115 K, λ 
(∆ε), nm): 227 (-100.5), 259 (+52.4), 278 (+34.4). 313 (+8.7), 363 (-3.8). 
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  200 s
 
Photoisomerization of trans-10 at 115 K 
monitored by UV/Vis. 

































Photoisomerization of cis-10 at 115 K 
monitored by UV/Vis. 



















 after heating PSS2
 
Photoisomerization of (2’S)-(M)-trans-10 
(c = 1.57×10-5 M) at 115 K monitored by 
CD. 



















 after heating of PSS1
 
Photoisomerization of (2’S)-(M)-cis-10 


































τ = 0.900± 0.032 µs
 
First order kinetics for thermal conversion of transient 2a at 20 °C. 






-15.5 ln (kh/kbT) = -2.69425-4237.50975/(T x 103)









(1/T) x 103 K-1
 






14,0 ln (k) = 29.3787-4508.28901/(T x 103)
                    R= -0.9995







Eyring and Arrhenius plots for the thermal conversion of 2a into the stable isomer 2. 
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Thermal conversion of 2a into 2. 
T, K τ, s k, s-1 ∆≠G kJ mol-1 
253.2 (9.26±0.29)×10-6 (1.08±0.03)×105 37.27±0.08 
263.2 (5.02±0.16)×10-6 (1.99±0.07)×105 37.49±0.08 
273.1 (2.47±0.18)×10-6 (4.05±0.03)×105 37.37±0.18 
283.2 (1.43±0.05)×10-6 (6.99±0.02)×105 37.55±0.09 
293.1 (8.27±0.32)×10-7 (1.21±0.05)×106 37.61±0.09 
∆‡G°= 37.6±0.1 kJ·mol-1 (∆‡H° = 35.2±0.7 kJ·mol-1, ∆‡S° = -22.4±3.5 J·mol-1·K-1, Ea = 37.5±0.1 
















First order kinetics for thermal conversion of 


















First order kinetic s for thermal conversion of 
transient cis-10a generated from trans -10 at 22 
ºC. 
 





















Eyring plot for the thermal conversion of trans-
10a into trans-10 and cis-10a into cis-10. 
cis-10a : 
ln (kh/kbT) = -3.98223 – 3459.60028/(T×103), 
R = 0.9990 
trans-10a : 
ln (kh/kbT) = -5.87848 – 3045.65108/(T×103), 
R = 0.9982 
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Thermal conversion of trans-10a into trans-10. 
T, K τ, s k, s-1 ∆≠G kJ mol-1 
295.2 (1.64±0.14)×10-6 (6.10±0.05)×105 39.58±0.02 
282.1 (3.05±0.17)×10-6 (3.28±0.02)×105 39.17±0.01 
272.9 (4.62±0.53)×10-6 (2.16±0.03)×105 38.76±0.01 
262.8 (7.17±0.34)×10-6 (1.39±0.07)×105 38.21±0.05 
253.1 (1.15±0.12)×10-5 (8.70±0.01)×104 37.71±0.01 
241.2 (2.08±0.24)×10-5 (4.81±0.02)×104 37.03±0.02 
 
∆‡G° = 39.7±0.1 kJ·mol-1 (∆‡H° = 25.3±0.8 kJ·mol-1, ∆‡S° = -48.2±2.8 J·mol-1·K-1, Ea = 27.5±0.2 
kJ·mol-1, A = (4.2±0.1)·1010 s-1, t1/2 (20 ºC) = (1.32±0.13)·10-6 s, k (20 ºC) = (5.24±0.04)·105 s-1) 
Thermal conversion of cis-10a into cis-10. 
T, K τ, s k, s-1 ∆≠G kJ mol-1 
293.2 (1.17±0.12)×10-6 (8.55±0.01)×105 38.47±0.04 
283.2 (1.80±0.26)×10-6 (5.56±0.08)×105 38.09±0.09 
273.4 (2.90±0.35)×10-6 (3.45±0.04)×105 37.78±0.11 
263.4 (5.10±0.27)×10-6 (1.96±0.02)×105 37.55±0.09 
252.8 (9.74±0.39)×10-6 (1.03±0.05)×105 37.31±0.09 
241.9 (1.64±0.32)×10-5 (6.11±0.03)×105 36.66±0.02 
 
∆‡G° = 38.5±0.1 kJ·mol-1 (∆‡H° = 28.7±0.7 kJ·mol-1, ∆‡S° = -33.4±1.9 J·mol-1·K-1, Ea = 31.0±0.7 
kJ·mol-1, A = (3.1±0.1)·1011 s-1, t1/2 (20 ºC) = (8.25±0.11)·10-7 s, k (20 ºC) = (8.40±0.03)·105 s-1) 
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cis-10: 1H-NMR (500 MHz, C7D8, 25 ºC) δ = 0.73-0.75 (d, J = 6.84 Hz, 3H), 1.47 (s, 9H), 2.34-2.37 
(d, J = 15.14 Hz, 1H), 2.64 (s, 3H), 3.37-3.41 (dd, J = 6.35, 15.14 Hz, 1H), 4.21-4.27 (dq, J =6.35, 6.84 
Hz, 1H), 6.34 (d, J = 2.93 Hz, 1H), 6.67-6.69 (dd, J = 2.93, 8.79 Hz, 1H), 7.06-7.20 (m, 4H), 7.24-7.26 
(d, J = 8.30 Hz, 1H), 7.54-7.62 (m, 4H), 7.73-7.74 (d, J = 7.82 Hz, 1H), 8.07-8.09 (d, J = 8.30 Hz, 1H). 
trans-10: 1H-NMR (500 MHz, C7D8, 25 ºC) δ = 0.75-0.77 (d, J = 6.84 Hz, 3H), 1.49 (s, 9H), 2.30-
2.33 (d, J = 15.14 Hz, 1H), 3.35 (s, 3H), 3.37-3.40 (dd, J = 6.35, 15.14 Hz, 1H), 4.29-4.35 (dq, J = 6.35, 
6.84 Hz, 1H), 6.38-6.41 (t, J = 7.33 Hz, 1H), 6.81-6.82 (d, J = 7.33 Hz, 1H), 6.87-6.91 (t, J = 8.30 Hz, 
1H), 7.06-7.20 (m, 4H), 7.23-7.24 (d, J = 7.10 Hz, 1H), 7.54-7.58 (m, 3H), 7.73-7.74 (d, J = 7.82 Hz, 
1H), 7.98-7.96 (d, J = 8.79 Hz, 1H). 
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Composition of stable(2'S)-(M )-cis-10 and stable(2'S)-(M )-trans-




a. Crystal data and details of the structure determination. 
Moiety_Formula C33H31NO3 
Formula_Weight, g.mol-1  489.61 
Crystal system monoclinic  
Space group, no.Error! Reference source not found. P21/c,  14     
a, Å 9.020(2) 
b, Å 18.831(3) 
c, Å 30.265(5) 
β, deg 95.108(3) 
V, Å3 5120.3(16) 
Θ range unit cell: min.-max., deg; reflections 2.51  -  27.49 ; 5340 
Formula_Z 8 
SpaceGroup_Z 4 
Z’ (= Formula_Z / SpaceGroup_Z) 2 
ρcalc, g.cm-3 1.270 
F(000), electrons 2080 
µ(Mo Kα ), cm-1 0.81 
Color, habit yellow, needle  
Approx. crystal dimension, mm 0.54 x 0.09 x 0.035 
 
b. Data collection. 
Radiation type; λ, Å Mo Kα ,  0.71073 
Monochromator Graphite 
Measurement device type Bruker SMART APEX  
CCD area-detector diffractometer 
Detector Area resolution (pixels / mm) 4096 x 4096  / 62 x 62  (binned 512) 
Temperature, K 100(1) 
Measurement method ϕ- and ω-scans 
θ range; min. max., deg 2.55,  26.02 
Index ranges h: -11→10; k: -23→23;  l: -37→37 
Min.- Max. absorption transmission factor 0.9665 – 0.9968 
X-ray exposure time, h 18.0 
Total data 39203 
Unique data 10011 
Data with criterion: (Fo ≥ 4.0 σ (Fo)) 6490 
Rint = ∑ [|Fo2 - Fo2 (mean)|] / ∑ [Fo2] 0.0772 
Rsig = ∑ σ(Fo2) / ∑ [Fo2] 0.0834 
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c. Refinement. 
Number of reflections  10011 
Number of refined parameters 915 
Final agreement factors:  
wR(F2) = [ ∑ [w(Fo2 - Fc2)2] / ∑ [w(Fo2)2]]1/2 0.1176 
Weighting scheme: a, b 0.0506, 0.1669 
 w = 1/[σ2(Fo2) + (aP)2 + bP]  
 And P = [max(Fo2,0) + 2Fc2] / 3  
R(F) = ∑ (||Fo| - |Fc||) / ∑ |Fo | 0.0502 
 For Fo > 4.0 σ (Fo)  
GooF = S = [ ∑ [w(Fo2 - Fc2)2] / (n-p)] 1/2 1.009 
 n = number of reflections  
 p = number of parameters refined  
Residual electron density in final  
 Difference Fourier map, e/Å3 -0.24, 0.21(5) 
Max. (shift/σ) final cycle 0.001 







HPLC separation and analysis 
Enantioresolution of (±)-cis-10 and (±)-trans-10 was performed by preparative chiral HPLC (Chiralpak 
AD) under normal phase conditions using heptane : 2-propanol = 99:1 as eluent mixture at room 
temperature. The solvents of the combined solutions of the second eluated enantiomer were evaporated 
under reduced pressure to provide the pure enantiomers, while these and all further manipulations were 
carried out in the absence of light. 
Racemic cis-10 
0 5 1 0 1 5 2 0 2 5 3 0
0
5 0 0 0
1 0 0 0 0
1 5 0 0 0
2 0 0 0 0
 
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’R)-P-cis-10 7.221 461111 49.56 
2 (2’S)-M-cis-10 10.507 469270 50.04 
--------------------------------------------------------------------------------------------------------------------- 
(2’S)-M-cis-10 
0 5 1 0 1 5 2 0 2 5 3 0
0
5 0 0 0
1 0 0 0 0
1 5 0 0 0
2 0 0 0 0
2 5 0 0 0
3 0 0 0 0
3 5 0 0 0
 
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’R)-P-cis-10 6.795 4711 0.64 




Mixture of (2’S)-M-cis-10 and (2’S)-M-trans-10 after thermal step 2 
0 5 1 0 1 5 2 0 2 5 3 0
0
2 0 0 0 0
4 0 0 0 0
6 0 0 0 0
8 0 0 0 0
1 0 0 0 0 0
1 2 0 0 0 0
1 4 0 0 0 0
 
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’S)-M-cis-10 9.333 8581929 41.70 
2 (2’S)-M-trans-
10 
13.216 11998980 58.30 
------------------------------------------------------------------------------------------------------------------------- 
Racemic trans-10 
0 5 1 0 1 5 2 0 2 5 3 0
0
2 0 0 0 0 0
4 0 0 0 0 0
6 0 0 0 0 0
8 0 0 0 0 0
1 0 0 0 0 0 0
 
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’R)-P-trans-
10 
7.872 35624084 50.61 
2 (2’S)-M-trans-
10 







0 5 1 0 1 5 2 0 2 5 3 0
0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
 
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’R)-P-trans-
10 
9.739 81327 3.37 
2 (2’S)-M-trans-
10 
13.941 2334326 96.33 
------------------------------------------------------------------------------------------------------------------------ 
Mixture of (2’S)-M-cis-2 and (2’S)-M-trans-2 after thermal step 4 
0 5 1 0 1 5 2 0 2 5 3 0
0
5 0 0 0 0
1 0 0 0 0 0
1 5 0 0 0 0
2 0 0 0 0 0
2 5 0 0 0 0
3 0 0 0 0 0
  
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’S)-M-cis-10 8.747 6615007 80.24 
2 (2’S)-M-trans-
10 






Mixture of (2’S)-M-cis-10 and (2’S)-M-trans-10 in a working cycle. 
0 5 1 0 1 5 2 0 2 5 3 0
0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
6 0 0 0 0
 
 
M i n u t e s
 
Peak Name Retention time 
(min) 
Area Area Percent 
1 (2’S)-M-cis-10 9.984 1171828 67.02 
2 (2’S)-M-trans-
10 
14.549 576691 32.98 
 
